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Description 

Technical field 

5 [0001] The present invention is in the field of microcapsules, In particular it relates to microcapsules having low 
permeability, a process for making them and their use In liquid detergents for laundering, dishwashing and other pur- 
poses. 

Background of the invention 

10 

[0002] Microcapsules are understood herein to be spherical beads with a diameter of from about 0.2 to about 5 mm, 
which contain a core surrounded by a membrane. The membrane protects the core and any active within the core from 
the surrounding medium. The use of microcapsules In liquid detergents Is desirable not only for aesthetic reasons but 
also for the reduction of undesirable Interactions between the core and liquid matrix, In particular decomposition of 
15 agents during long storage and incompatibility of individual components. Microcapsules also facilitate the handling of 
environmentally sensitive, biologically-active or hazardous materials such as enzymes, bleaching agents, redox ma- 
terials, etc. 

[0003] The use of microcapsules in liquid detergents is known from the literature. WO 00/46337 discloses a liquid 
detergent composition containing greater than 5% by weight of surfactant and an encapsulate containing greater than 
20 1 0% by weight of active material and a cross-linked anionic gum. The anionic gum is cross-linked with a polyvalent 
cation, In preferred embodiments sodium alginate Is cross-linked with calcium cations. 

[0004] Calcium cross-linked encapsulates can be sensitive to chelants, such as those found In detergent composi- 
tions. Chelants can sequester calcium Ions eroding the encapsulates and at the same time reducing the amount of 
chelant available for the cleaning process. Other mechanisms that can destroy alglnate-based encapsulates is the 
25 substitution of calcium by other ions which have higher affinity for the alginate anions, such as sodium ions. The latter 
gives rise to sodium alginate which is soluble in water and therefore can lead to dissolution of the encapsulates. 
[0005] Cross-linked encapsulates generally have a high porosity, not being suitable for low molecular active materials 
which can penneate through the pores. 

[0006] If the level of cross-linking agent were such as to provide storage stability within the detergent composition, 
30 there is a risk that the encapsulates would not dissolve in the cleaning water, because calcium alginate is insoluble In 
water. In addition the calcium of the washing water may bind to the alginate giving rise to deposits on the cleaned articles. 
[0007] WO 98/11870 discloses a liquid personal cleansing composition containing an encapsulated lipophilic skin- 
moisturizing agent. The lipophilic skin-moisturizing agent Is encapsulated within a complex coascervate comprising a 
polycation and a polyanlon. Encapsulates of this kind are not suitable for use in detergent compositions because the 
35 coascervate is so strong as not to release the active agent during the washing process. 

[0008] WO 02/055649 discloses a method for the production of microcapsules containing washing and/or cleaning 
substances with semi-penneable capsule shells (membranes) by means of complexing suitable polyelectrolytes. 
[0009] A problem found with microcapsules having semipemneable membranes is that part of the core material, 
including the active materials can leach out with time. This can give rise to interaction among incompatible ingredients 
40 and structural changes on the capsules. 

[001 0] Semi-permeable type microcapsules known from the literature do not seem to be strong enough to withstand 
liquid detergent manufacture processes and transport and at the same time be capable of breaking in use to release 
the core without leaving residues. 

[0011] A requirement of liquid detergents containing microcapsules is that the microcapsules should be stably sus- 
45 pended In the liquid matrix. This brings further complexity to the design of the liquid matrix, usually requiring the use 
of a structurant or a thickening agent that may Interact with other ingredients in the liquid matrix potentially Impairing 
the chemical stability of the detergent. 

Summary of the Invention 

50 

[0012] According to a first aspect the present invention provides microcapsules for use in liquid detergents having 
a core and a polyelectrolyte complex shell in the form of a semipenneable membrane comprising a particulate perme- 
ability-regulator. The particulate permeability-regulator is preferably a microparticuiate or nanoparticulate with a particle 
size of from about 1 nm to about 1 0,000 nm, preferably from about 1 0 nm to about 5,000 nm and more preferably from 
55 about 100 nm to about 400 nm. The particle size corresponds to the volume average hydrodynamic diameter, I.e. 
diameter cateulated from the hydrodynamic volume, this being the volume of the particle plus its hydration sphere. It 
can be calculated using dynamic light scattering with a Brookhaven Zeta Plus Analyser. The light scattering is measured 
at an angle of 90*", at 25*'C during 5 minutes. The microcapsules of the invention have very low pemneability cut-off 
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allowing the encapsulation of materials of low molecular weight. The microcapsules can be stored prior to use In a salt 
solution. 

[0013] Preferably, the microcapsules of the Invention have a liquid core incorporating water and/or organic solvent. 
When used in a liquid detergent comprising a liquid or gel matrix, the semipermeable membrane permits the transfer 

5 of water or solvent between the core and the liquid or gel matrix, by osmotic effect, until equilibrium Is substantially 
reached, thereby contributing to the physical stability of the microcapsules in the detergent matrix. Without being bound 
by theory, it is believed that when the detergent containing microcapsules Is introduced into fresh water, for example 
during a washing process, the gradient of ionic strength between the wash water and the microcapsule draws water 
into the core, exerting high pressure on the membrane which consequently disintegrates. This mechanism together 

10 with the agitation forces during the washing process contributes to the release of the core material and the disintegration 
of the shell in use. The disintegration of the microcapsules is Independent of the wash water temperature, they disin- 
tegrate across the whole range of temperatures met in nomrial detergent use. 

[0014] Microcapsules suitable for use in liquid detergent should be physically and chemically compatible with the 
detergent matrix ingredients and they should disintegrate in use without leaving residues on the clean articles or clean- 

15 ing devices. In preferred embodiments, the microcapsules are capable of withstanding a force before bursting of from 
about 20 mN to about 20,000 mN, preferably from about 50 mN to about 15,000 mN and more preferably from about 
100 mN to about 10,000 mN. This strength makes them suitable for Industrial handling, Including liquid detergent 
making processes. They can withstand pumping and mixing operations without significant breakage and are also stable 
on transport. At the same time the microcapsules disintegrate readily in use. 

20 [001 5] The force before bursting that a microcapsule can withstand can be measured by using a Dynamic Mechanical 
Analyser (Perkin Elmer DMA 7e). A single microcapsule is separated from the storage liquid (0.9% NaCI) and placed 
on the sample plate of the analyser. The capsule Is covered with a drop of a 0.9% sodium chloride solution. To establish 
the force at the bursting point, a static strain scan is performed applying an Increasing force of 20 mN/minute during 
the microcapsule compression. The Imposed force and the displacement of the squeezed capsule are automatically 

25 recorded. The point of bursting corresponds to the first shoulder on the static force scan curve and in particular the 
Intersection point of the two tangents constructed as a best fit to the upper and lower lateral portions of the shoulder. 
[001 6] In preferred embodiments the density of the capsules is from about 900 to about 1 ,300 Kg/m^, more preferably 
from about 950 to about 1 ,200 Kg/m^ and especially from about 980 to about 1 ,100 Kg/m^ at 25*»C. 
[0017] The density of the microcapsules is measured using a Helium Pycnometer (Micromeritics AccuPyc 1330) at 

30 21**C and 25 psi. A microcapsule is taken from a 0.9% sodium chloride storage solution and gently patted with paper 
tissue to remove excess liquid before the measurement is taken. 

[0018] The microcapsules of the Invention are preferably essentially spherical in shape, especially when they are 
suspended In a liquid detergent. In addition the microcapsules preferably have a diameter (measured as equivalent 
circle diameter) in the range from about 0.2 to about 8 mm, preferably from about 0.5 to about 5 mm and more preferably 
35 from about 0.7 to about 4 mm, these ranges being preferred from the viewpoint that the microcapsules can be visualised 
with the naked eye and from ease of manufacture. 

[0019] The size and shape of the microcapsules can be characterized using an optical microscope (Leica MZ8) and 
image analysis system (Leica Q500MC, Quips, UK). Before running the analysis the capsules are taken from a 0.9% 
sodium chloride solution and placed on the microscope table. During the measurement the capsules are kept wet using 
40 a 0.9% sodium chloride solution. Prior to processing of the images, It should be checked that all capsules are detected 
as single entities. The equivalent circle diameter is the diameter of a circle of an equh^alent cross sectional area to that 
of the particle. 

[0020] In a preferred embodiment the microcapsules have a degree of elasticity at 25*^0 of at least about 30%, more 
preferably at least about 50% and especially at least about 70%. The elasticity can be calculated using the Dynamic 

45 Mechanical Analyser described hereinabove. Elasticity is herein defined as the deformation of the capsule in the di- 
rection of movement of the plate before bursting as a percentage of the con-esponding undefomied capsule dimension. 
The elasticity of the microcapsules contribute to their mechanically stability In liquid detergents. 
[0021] In prefenred embodiments the core of the microcapsules includes an active material. Optionally, the shell can 
also Include an active material. Preferably the active material Is selected from hydrophobic materials and non-hydro- 

50 phobic materials having a molecular weight higher than about 3,000. By "hydrophobic material" Is herein understood 
a material having an octanol water partition coefficient, of greater than 1 . at 25*'C higher than about 1 , preferably higher 
than about 1 .2 and more preferably higher than about 1 .5. The octanol water coefficient partition of a material is defined 
as the ratio of the concentration of the material in the octanol phase to its concentration in the water phase at 25*0. 
Preferred hydrophobic materials for use herein include perfume oils, silicone fluids and gums, surfactants and vitamin 

55 oils. Prefen^ed non-hydrophobic materials having a molecular weight higher than about 3,000 for use herein include 
enzymes. Other suitable actives Include materials set out herein below. The microcapsules can provide protection for 
the active materials reducing or avoiding interaction between the active material in the core and materials In the liquid 
matrix of the liquid detergent, thereby improving the chemical stability of sensitive materials such as enzymes and 
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perfumes. The retention of actives in the core of the microcapsules of the invention is higher than that for microcapsuies 
produced by polymeric crossllnking, for example using calcium as crosslinking agent. 

[0022] Preferably the core of the microcapsules of the Invention includes a density modifier in a level such as to 
reduce the density of the microcapsules by at least about 1 0%, more preferably at least about 1 5% at 25''C. The density 
5 modifier helps to generate mlcrocapsulesof predetermined density which can be suspended In liquid detergents without 
or with low levels of structuring or thickening agents. By "low level" Is meant less than about 5%, preferably less than 
about 1 % and more preferably less than about 0.5% of structuring or thickening agent by weight of the detergent matrix. 
The density reduction is evaluated by comparing two similar microcapsules, the first one made from a solution con- 
taining a given level of density modifier and the second one from a solution wherein the density modifier has been 
10 substituted by the same weight of water. Density modifiers suitable herein preferably have a density of less than about 
1 ,000 Kg/m3. more preferably less than about 990 Kg/m^ and higherthan about 700 Kg/m^, and especially higher than 
about 800 Kg/m3. Suitable density modifiers include hydrophobic materials and materials having a molecular weight 
higherthan about 3,000. Preferably the density modifier is insoluble but dispersible either with or without the aid of a 
dispersant agent, in water. Active materials can play the role of density modifiers if they fulfil the aforementioned re- 
ts quirements. Preferred density modifiers for use herein are selected from the group consisting of silicone oils, petrola- 
tums, vegetable oils, especially sunflower oil and rapeseed oil, and hydrophobic solvents having a density of less than 
about 1 ,000 Kg/m^ at 25*'C, such as limonene and octane. 

[0023] In a preferred embodiment the microcapsules have a pemieability cut-off in a 0.9 NaCI solution for 3 weeks 
at of less than about 15,000 Da at 20*C, more preferably less than about 10,200 Da, yet more preferably less than 

20 about 3,000 Da and especially less than about 1 ,000 Da. For the purpose of this invention a microcapsule is considered 
to have a permeability cut-off of less than a defined value if the microcapsule is capable of retaining at least 80%, 
preferably at least about 90%, more preferably at least about 95% and especially at least about 97% by weight of the 
initial amount of a material of certain molecular weight when the capsules are stored in a 0.9M NaCI solution under 
shaking conditions (50 rpm) at 20**C for 3 weeks. The permeability cut-off can be evaluated for example by making 

25 microcapsules comprising a colorant of known molecular weight, for example 0.1% by weight of Rhodamine B Isothi- 
ocyanate dextran (M W 1 0,200)(SIGMA), and storing the microcapsules in a 0.9 M NaCI solution at 20*'C under shaking 
(50 rpm) for 3 weeks. After 3 weeks the amount of Rhodamine in the store solution is measured by spectrophotometry. 
Preferably the microcapsules herein have a pemneability such that they are capable of retaining at least about 80%, 
preferably at least about 90%, more preferably at least about 95% and especially at least about 97% of Rhodamine B 

30 isothiocyanate dextran (MW 10,200) according to the above test. More preferably the microcapsules herein have a 
penneability such that they are capable of retaining at least about 80%, preferably at least about 90%, more preferably 
at least about 95% and especially at least about 97% of Rhodamine B isothiocyanate dextran (MW 3,000). 
[0024] According to a second aspect of the present invention, there is provided a process for making microcapsules 
for use in liquid detergents having a core and a poly electrolyte complex shell In the form of a semipermeable membrane, 

35 said microcapsules preferably having a density of from about 900 Kg/m^ to about 1 ,300 Kg/m^, more preferably from 
about 950 to about 1 ,200 Kg/m^ and even more preferably from about 980 to about 1 ,100 Kg/m^ at 25''C, the process 
comprising the steps of: 

a) fomriing a first solution comprising a first polyelectrolyte and preferably a density modifier, said solution preferably 
40 having a viscosity of from about 0.5 Pa s to about 1 ,000 Pa s, preferably from about 5 Pa s to about 800 Pa s and 

more preferably from about 10 Pa s to about 500 Pa s as measured at 1 s-*" and 25*'C; 

b) adding a particulate penneability-regu later to the first solution resulting from step a); 

c) fomriing droplets of the first solution, the droplets being preferably made by forming and cutting a jet of the first 
solution; and 

45 d) introducing the droplets into a second solution comprising a second polyelectrolyte capable of reacting with the 

first polyelectrolyte to fonn a complex at the surface of the droplets. 

[0025] The terni "solution" as used herein includes liquid or gel compositions having a main component and at least 
a second component dissolved, dispersed or emulsified therein. 
so [0026] The viscosity is measured using a Physica USD200 controlled stress cup and bob rheometer (Z3-25 mm). A 
shear rate curve is generated at 25*'C. 30 measurement points of 1 0 seconds duration are taken. From this experimental 
curve the viscosity at 1 s"*" is extracted. 

[0027] Preferably, the density modifier is present in the first solution in a level of from about 5% to about 50%, pref- 
erably from about 10% to about 30% by weight. 
55 [0028] The first and/or second solutions can comprise any solvent, Including water and organic solvents. Preferably, 
the first and second solutions are aqueous, making the resulting microcapsules easily compatible with the majority of 
liquid detergents, which are usually aqueous. Preferably, the first and second solutions are aqueous compositions 
having polyelectrolytes of opposite charge dissolved therein. 
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[0029] The process of the invention is preferably undertaken at ambient temperature thereby reducing the operating 
costs and allowing the encapsulation of heat sensitive materials. 

[0030] The process of the Invention Is quick, simple, versatile, capable of high output and therefore suitable for large- 
scale production. 

5 [0031] Jet cutting allows a high production rate and a narrow distribution of droplet size and permits the handling of 
solutions of high viscosity, i.e. solutions having viscosity of more than about 200 mPa s, preferably more than about 
1 ,000 mPa s and more preferably more than about 2,000 mPa s as measured at 1 s'^ and 25*'C. Jet cutting can also 
handle solutions of complex rheology, for example shearthinning fluids. Preferably the first solution has a shearthinning 
behaviour, this is preferred from the viewpoint of processabiiity and capsule strength. 

10 [0032] In preferred embodiments the jet of the first solution is formed by passing the solution through a nozzle having 
a diameter of from about 0.2 mm to about 8 mm, more preferably from about 0.5 mm to about 4 mm and a through put 
rate of from about 0.5 g/s to about 20 g/s, more preferably from about Ig/s to about 6 g/s. 

[0033] The jet is preferably cut by mechanical means, especially preferred being rotating cutting wires having a 
diameter of from about 1 0 jim to about 1 ,000 |j.m, more preferably from about 50 p.m to about 500 p.m, and a cutting 

IS speed of from about 500 rpm to about 10.000 rpm, more preferably from about 1 ,000 rpm to about 6,000 rpm. 

[0034] In a preferred embodiment the first solution comprises the first polyelectrolyte in a level of from about 1% to 
about 15%, more preferably from about 2% to about 10%, especially from about 3% to about 8% by weight of the 
solution, this level being preferred for both the strength and the low permeability of the resulting microcapsules. Pref- 
erably the first polyelectrolyte has a viscosity of at least 1 00 mPa s, more preferably of at least 300 mPa s as measured 

20 at a shear rate of 1 s'^ at 25°C and at a concentration of 1% by weight, this viscosity being preferred for the high 
strength of the resulting microcapsules. Preferred for the process of the invention are first solutions comprising from 
about 2% to about 7%%, more preferably from about 3% to about 6%, especially from about 3.5% to about 5% by 
weight of sodium alginate, said sodium alginate having a viscosity of at least 100 mPa s. preferably of at least 300 
mPa s as measured at a shear rate of 1 s'^ at 25''C and at a concentration of 1% by weight. 

25 [0035] The second solution preferably comprises a polyelectrolyte selected from poly-(diallyldimethylammonium) 
salts, chitosan polymers, chitosan oligomers and mixtures of chitosan polymers and oligomers, these potyelectrolytes 
being preferred for the short reaction time for microcapsule formation, especially preferred being poly-(diallyldimethyl- 
ammonium), more especially poly-(diallyldlmethylammonium) chloride. IVIIcrocapsules made from a mixture of chitosan 
polymer and oligomer, preferably in a weight ratio of from about 5:1 to about 1:1, more preferably from about 3:1 to 

30 about 1 :3, present both a good strength and a very low membrane permeability. Indeed, the permeability is lower than 
that for microcapsules made separately from either chitosan oligomer or chitosan in polymeric form. 
[0036] According to another aspect of the invention, there is provided a liquid detergent composition comprising a 
liquid or gel matrix incorporating the microcapsules of the Invention and from about 0.5 to about 40% by weight of a 
detergency surfactant. Preferably the detergent composition also includes by weight thereof from about 0.5 to about 

35 40% by weight of a detergency chelant and/or builder. Contrary to most of the widely available microcapsules, based 
on calcium, for example, the capsules of the invention do not interact with detergent chelants or builders. Thus, the 
microcapsules are chemically stable in the detergent matrix containing chelants and/or builders avoiding the addition 
of compensatory extra amounts. 

[0037] In preferred embodiments the liquid detergent of the invention is stable for 4 weeks at 25''C. Stability can be 
'^o evaluated by direct observation or by image analysis, by having coloured partk;les suspended in a transparent liquid 
contained in a transparent bottle. A detergent freshly made is considered to be stable if less than 1 0%, preferably less 
than 5% and more preferably less than 1% by weight of the microcapsules are deposited at the bottom of the bottle 
after 4 weeks static storage. 

[0038] Preferably, the liquid detergent is also stable under simulated squeeze usage conditions at 25''C. This can 
45 be evaluated according to the following protocol: 

500 ml of freshly made liquid detergent is packed In a 500 ml flat-sided liquid detergent bottle typically used for 
dishwashing liquid (Fairy liquid). 

Squeeze, by inverting approximately 135'' and squeezing the liquid detergent bottle at once, approximately 1.5 
50 grams (+/- 0.5g) of the liquid detergent in a measuring beaker. 

Repeat this 3 times (1 minute in between each squirt). 
Leave the bottle to rest for 1 3 minutes. 

Repeat the above steps, but altemating the tilting side of the bottle. 
Repeat until the bottle is % empty. 
55 If less than 10%, preferably less than 5% and more preferably less than 1% by weight of the microcapsules are 

deposited at the bottom of the bottle the liquid detergent is considered to be stable under simulated squeeze usage 
conditions. 
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[0039] In highly preferred embodiments the difference between the density of the liquid matrix and the microcapsules 
Is less than about 1 0%. more preferably less than about 5% and yet more preferably less than about 3% at 25''C. This 
contributes to the stability of the microcapsules in the liquid detergent and minimizes or avoids the need for structuring 
or thickening agent. Preferably, the liquid matrix comprises less than about 5%, more preferably less than about 1% 

s and especially less than about 0.5% of structuring or thickening agent. 

[0040] Finally, there is provided a process for making the liquid detergent of the invention comprising the step of 
adding the microcapsules of the invention to a liquid or gel matrix wherein the density difference at 25°C of the matrix 
and the microcapsules, before they are added to the liquid matrix (measured as described hereinabove), is less than 
about 30%, preferably less than about 20%, more preferable less than about 1 0% and especially less than about 5%. 

10 In highly preferred embodiments, the microcapsule density prior to addition to the liquid matrix Is equal to or within 
about 1% or 2% thereof as the microcapsule density can change slightly during storage in the liquid detergent. 

Detailed description of the Invention 

15 [0041] The present invention envisages microcapsules for use in liquid detergents, a process for making them and 
liquid detergents comprising said microcapsules. The microcapsules have an outstanding low permeability that makes 
them suitable for the encapsulation of materials of a wide molecular range, Including materials of low molecular weight. 
The microcapsules are also very stable in liquid detergents over long periods; however they break, releasing the core 
material, in use without leaving residue. 

20 [0042] The term liquid detergent as used herein includes all flowable fluids having cleaning properties, including 
liquids and gels for use in manual and automatic laundry, dishwashing, hard surface cleaning, personal cleansing and 
lavatory rim-blocks. 

[0043] Suitable particles for use as permeability-regulator are particles having the particle size defined herein above. 
It is preferred that the particles additionally have a secondary role such as: i) an active rote In the cleaning process, 
25 thus preferred particles can act as dye transfer inhibitors, anti-microbial agents, soil release agents, finishing agents, 
etc; or 11) a physical role In modifying the appearance of the capsules, preferred for this use being pigments and Insoluble 
colorants. 

[0044] Preferred particle permeability-regulators include pigments, especially opacifying and tinctorial pigments. 
Suitable opacifying pigments for use herein include, for example, titanium dioxide, lithopone, zinc sulfide, lead titanate, 

30 antimony oxide, zirconium oxide, titanium calcium, white lead, titaniunm barium zinc oxide and leaded zinc oxide. 
Titanium dioxide Is especially preferred. Tinctorial pigments for use herein Include ferrite yellow oxide, ferric oxide, 
brown iron oxide, tan iron oxide, raw sienna, burnt sienna, chromium oxide green, copper phthalonltrile blue, phthaio- 
cyanine green, ultramarine blue, carbon black, lampblack, toluidine red, parachlor red, cadmium reds and yellows, as 
well as organic pigments such as phthaloorganamlne blue and greens. Ultramarine blue Is especially preferred. 

35 [0045] Other particle pemneability-regulators suitable for use herein Include silicas, clays and talcs. 

[0046] The microcapsules of the invention are made by a process based on the reaction of two polyelectrolytes of 
opposite charge (herein also referred as polyanions and polycations) and which are capable of forming a complex. 
Suitable polyelectrolytes for the present invention can be synthetic or natural polyelectrolytes. 
[0047] Suitable anionic synthetic polyelectrolytes may be selected from the group consisting of polyacrylates and 

40 polymethacrylates, polyvinyl sulphates, polystyrene sulphonates, polyphosphates and mixtures thereof. 

[0048] Suitable cationic synthetic polyelectrolytes may be selected from the group consisting of poly-(N,N,N-triaiky- 
lammoniumalkyl) acrylates, poly-(N-alkylpyridinium) salts, polyethylenimlnes, aliphatic lonenes, poly-(diallyldialkylam- 
monium) salts and mixtures thereof, wherein the alkyl is preferably short chain with from 1 to about 4 carbon atoms, 
preferably methyl. 

45 [0049] Suitable anionic natural polyelectrolytes may be selected from anionic gums. Suitable anionic gums Include 
alginates, can-ageenan, gellan gum, cartDOxyl methyl cellulose, xanthan gum and mixtures thereof. 
[0050] Suitable cationic natural polyelectrolytes may be selected from the group consisting of chitosan, chltosan 
derivatives such as quaternarised chitosan and aminoalkylated and quatemarised celluloses and poly-L-lysine and 
mixtures thereof. 

50 [0051 ] Preferred for use herein are the combinations of sodium alginate (for the first solution) with poly-(diallyldimeth- 
ylammonium) chloride, chitosan polymer (having a molecular weight of from about 10 to 1,000 kOa, preferably from 
about 50 to 500 kDa), chitosan oligomer (having a molecular weight of from about 300 to about 9,000 Da, preferably 
from about 500 to about 5,000 Da) or a mixture of chitosan polymer and oligomers (for the second solution). These 
combinations are preferred for the short reaction time and for the low penneabllity of the resulting microcapsules, 

ss especially prefen^ed being combinations of sodium alginate with poty-(diallylclimethylammonium) chloride. Membrane 
permeability is preferably as to allow the transfer of water or solvent between the liquid detergent and the core of the 
microcapsule but to preclude the teaching out of actives. 

[0052] The solutions used in the process of the invention can be prepared by using any solvent, however aqueous 



6 



EP001 502645 lfile:/A\dcwas03\fifmdata\lp\FolevPat\PatentDocuments\EP001 502645.cp cl 



Page 7 of 16 



EP 1 502 645 A1 

solutions are preferred for reasons of availability and environmental profile and because of the compatibility of water 
with the majority of active substances and liquid detergents. The process Is preferably carried out at ambient temper- 
ature, this being advantageous when dealing with heat sensitive materials such as perfumes and enzymes. 
[0053] However, if non-heat sensitive materials are encapsulated the solutions of the process can be heated in order 

5 to speed the kinetics of the compiexation reaction. 

[0054] The first solution preferably comprises a density modifier and/or an active materia!, dissolved, suspended or 
emulsified therein. The first solution can also comprise a dispersant or emulsifier, especially if the active material is 
hydrophobic, in order to facilitate the suspension or emulsification process, preferred dispersants for use herein being 
polymers, especially polyvinyl alcohol. Preferred emulsifiers for use herein are surfactants. Dispersants and/or emul- 

10 sifiers are usually used in low levels, suitable levels for use herein being from about 0.1 to about 5%, preferably from 
about 0.2 to about 3% by weight of the first solution. 

[0055] Actives suitable for use herein Include any substance that contribute to the cleaning process such as sur- 
factants, enzymes, builders and bleaching agents; and substances that provide additional benefits, such as suds sup* 
pressors, periumes, especially periume oils, vitamins, anti-microbial agents, colour protection agent, care additives, 
15 finishing agents, especially fabric softening, drying and shine additives. 

[0056] The microcapsules are preferably coloured comprising dyes and/or pigments so they can be readily visualised 
when placed in liquid detergents. 

[0057] Droplets can be formed by any Icnown method. Preferably the droplets are formed by extruding the first solution 
through a nozzle into a coherent jet and cutting the jet, by cutting means, into cylindrical segments, which then form 

20 droplets, due to surface tension, on their way to the second solution. Preferred cutting means include rotating cutting 
wires. Suitable methods and devices for fonning the droplets are described in DE 44 24 998 and WO 00/48722. 
[0058] Usually the volume of second solution is at least 1 0 times, preferably at least 1 00 times and more preferably 
at least 1 ,000 times larger than that of a droplet, therefore, the amount of the second polyelectrolyte is well In excess 
over that of the first polyelctrolyte, thus the concentration of the polyelectrolyte in the second solution is not critical. 

25 Preferably the concentration of the second polyelectrolyte is from about 0,5% to about 5%, more preferably from about 
0.8% to about 2% by weight of the solution. The pH of the second solution is selected according to the pH conditions 
for dissolution of the second polyelectrolyte. The residence time of the droplets is adjusted according to the desired 
shell thickness. Usually the reaction takes place under agitation conditions. 

[0059] The liquid detergents of the invention comprise from about 0.5 to about 30%, preferably from about 1 to about 
30 20% microcapsules by weight of the compositions. Suitable surfactants for use in the liquid detergents of the invention 
are well known and can be selected from anionic, nonionlc, amphoteric and cationlc surfactants, depending on the 
specific application of the detergent. 

[0060] Builders suitable for use in the liquid detergents of the invention Include builders that fonn water-soluble 
hardness ion complexes (sequestering builder) such as citrates and polyphosphates e.g. sodium tripolyphosphate and 
35 sodium tripolyphosphate hexahydrate, potassium tripolyphosphate and mixed sodium and potassium tripolyphosphate 
salts; and builders that form hardness precipitates (precipitating builder) such as carbonates e.g. sodium cariDonate. 
Chelating agents can be selected from the acid or salt forms of organic phosphonates and aminophosphonates, ami- 
nocarboxylates, polyfunctionally-substituted aromatic compounds, and mixtures thereof. 

[0061] The detergent compositions herein can additionally comprise one or more detergent active or auxiliary com- 
40 ponents. Detergent actives may be selected from traditional detergent ingredients such as bleaching systems (including 
bleaching agents and bleach activators), alkalinity sources, enzymes, etc. Detergent auxiliaries may be selected from 
finishing agents, and care agents. Some of these ingredients can be used In either or both of the microcapsules and 
the matrix of the liquid detergent. 

[0062] Preferably, the detergent matrix is transparent containing colored capsules and packaged in a clearAranspar- 
"^5 ent package. 

Examples 1 to 3 

[0063] Microcapsules were made by forming droplets of a first solution (compositions given in Table 1 ) with a syringe 
50 connected to a needle and allowing the droplets to fall into a 1% by weight chitosan (Chltoclear ex Primex) solution 
adjusted to pH 2.5 with IN acetic acid solution. The capsules (about 1.5 mm diameter) were kept into an agitated 
chitosan solution, under magnetic stirrer conditions (250 rpm) in a 250 mL beaker using a 4 cm magnetic bar, for 15 
minutes. Thereafter the capsules were separated, by filtration, washed with distilled water and transferred to a 0.9 M 
NaCI solution. The microcapsules containing solution was stored under shaking (50 rpm) at 20°C. The amount of 
55 Rhodamlne B in the storage solution after 3 weeks was measured by spectrophotometry {X = 555 nm). The microcap- 
sules have a permeability cut-off of less than 10,200 Da (at least about 95% of Rhodamlne B is retained). 
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Table 1 



10 



15 



20 



Ingredient (% weight) 


Example 1 


Example 2 


Example 3 


l8t solution 








Alginate 


3 


3 


3 


Rhodamine B 


0.1 


0.1 


0.1 


Acusol 


1.5 






Monastral 




1.5 




Mirapol 






1.5 


Water 


to 100 


to 100 


to 100 


Rodamlne B retained (%) 


97 


95 


97 


Alginate: sodium alginate, grade CHN420 from Bright Moon Seaweed Industrial Co. Ltd., Qingdao 


Rhodamine B: Rhodamine B isothlocyanate dextran (MW 10200) from SIGMA 




Acusol: Acusol OP 301 (aqueous solution containing 40% by weight of 224 nm styrene/acrylic nanoparticles) 


from Rohm and Hans, UK, LTD 






Monastral: (aqueous solution containing 40% by weight of 239 nm phthaiocyanine blue pigment nanoparticles) 


from Heubach 








Mirapol: Mirapol CP1 (aqueous solution containing 29.5% by weight of 18 nm styrene/acrytic nanoparticles) 


from Rhodia 









25 



30 



35 



Example 4 

[0064] 160 grams of polyvinyl alcohol (PVA), Mowiol 3-83 ex Clariant and 300 grams of Acusol (aqueous solution 
containing 40% by weight of 224 nm nanoparticles) were dispersed into 1 4406 grams of de-ionized water and dissolved 
at eo^C. 760 grams of sodium alginate from brown algae (ex Fluka product code 71 238) was added to the PVA solution 
and mixed. 4600 grams of polydimethyl slloxane (PDMS), Dow Coming 200 fluid 100.000 cSt ex Dow Coming was 
mixed with the alginate/PVA mixture to form a high viscous solution. 

[0065] The above solution was extruded at throughput of 4.87 g/s through a 1 .0 mm nozzle and cut using a rotational 
cutting tool containing 24 wires of 200 micron thickness ex GenlaLab with a cutting speed of 31 50 rpm to form spherical 
droplets with a diameter between 1 000 and 1 500 microns using a mechanical cutting device ( J etC utter from GenlaLab) 
and the droplets allowed to fall into an agitated hardening bath that contained 10 litres of a 1% chitosan solution 
(Chitoclear ex Primex) brought to pH 2.5 with HCi. 

Example 5 



40 



[0066] Filtered microcapsules of Example 4 were stinted into the laundry liquid detergent prepared as described 
herein below. The microcapsules remained homogeneously suspended in the liquid detergent and the PDMS remained 
enclosed within the capsule. The density of the liquid detergent was 1 ,035 Kg/m^. 

[0067] A structured liquid detergent matrix is prepared by combining an aqueous premix of conventional heavy duty 
liquid (HDL) detergentcompositioncomponents with a structuring agent premix. Each of these two p remixes is prepared 
as follows: 



45 



The HDL components premix is prepared by combining HDL components with water in a suitable vessel under 
suitable agitation. The resulting premix has the composition shown In Table 1. 



TABLE I 



50 


HDL Components Premix 


Component 


Concentration (Wt %) 




Ci2i-AS 


7.5 




C14.15EO8 Alcohol Ethoxylate 


5.2 


55 


Ci2.i4Amine Oxide 


2.9 




Citric Acid 


4.3 
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TABLE I (continued) 



HDL Components Premix 


Component 


Concentration (Wt %) 


^12-18 Ac'^ 




Enzymes (Protease. Amylase, Mannanase) 


0.6 


MEA-Borate 


2.4 


DTPMP^Chelant 


0.6 


Ethoxylated Polyamine Dispersants 


1.5 


Silicone/Silica Suds Suppressor 


0.02 


Ethanol 


1.4 


Propane DIol 


3.6 


NaOH 


6.1 


Perfume, Brightner, Hydrotrope, Colorant, Other Minors 


4.2 


Water 


Balance to 100% 



Sodhjm diethylene triamlne penta (methyl phosphonate) 



^ [0068] The structuring agent premix is prepared by combining hydrogenated castor oil and the other structuring agent 
premix Ingredients shown in Table II with water under certain conditions. In particular, the Table II components except 
for the hydrogenated castor oil are combined and the resulting mixture Is heated to 90 °C. The hydrogenated castor 
oil is then added and the mixture is maintained under agitation until all of the hydrogenated castor oil has been emul- 
sified. Afterfull emulsification, the mixture is flash cooled to 70 °C and left at this temperature until all of the hydrogenated 
castor oil Is re-crystallized. At this point the structuring agent premix is allowed to cool down slowly to ambient tem- 
perature. The resulting structuring agent premix has the composition shown in Table II. 



TABLE II 



Structuring Agent Premix 


Component 


Concentration (Wt %) 


Hydrogenated Castor Oil 
C12HLAS 

Sodium Metaborate 

NaOH 

Water 


4.0 
16.0 
1.5 
3,5 

Balance to 1 00% 



[0069] As a next step, 2.5 parts of the structuring agent premix of Table II are added slowly to 96.5 parts of the HDL 
40 components premix of Table I under slow agitation forming the structured detergent matrix. 

[0070] The microcapsules which are formed in accordance with the procedure of Example 4 are combined with the 
structured aqueous liquid detergent composition matrix. This is accomplished by slowly adding the microcapsules to 
the structured liquid matrix while it is maintained under gentle agitation. Enough microcapsules are added to constitute 
1% by weight of the composition which is formed. The resulting heavy duty liquid laundry detergent product has the 
45 composition shown In Table III. 



TABLE III 



MIcrocapsule-ContalnIng Liquid Laundry Detergent 


Component 


Concentration (Wt %) 


C12LAS 


7.9 


C14-15E08 Alcohol Ethoxylate 


5.7 


C12-14Amine Oxide 


1.0 


Citric Acid 


2.0 


CI 2-1 8 Fatty Acid 


5.2 


Enzymes (Protease, Amylase, Mannanase) 


0.6 


MEA-Borate 


1.5 



9 



EP0015Q2645 ffile:yA\dcwas03\firmdata\lp\FoteyPat\PatentDocuments\EP001502645.cpc] 



Pa ge 10 of 16 



10 



15 



EP 1 502 645 A1 




TABLE III (continued) 




MIcrocapsule-ContainIng Liquid Laundry Detergent 


Component 


Concentration (Wt %) 


DTPMP1 Chelant 


0.2 


Ethoxylated Polyamine Dispersants 


1.2 


Silicone/Silica Suds Suppressor 


0.002 


Ethanol 


1.4 


Propane Diol 


5.0 


NaOH 


3.2 


Hydrogenated Castor Oil 


0.1 


Microcapsules from Example 4 


1.0 


Perfume, Brightner, Hydrotrope, Colorant, Other Minors 


4.2 


Water 


Balance to 100% 



20 



[0071] 60 ml of the microcapsules-containing liquid detergent was added into a dosing ball and the dosing ball was 
covered with a fine mesh cloth that allowed water to enter into the dosing ball but precluded the capsules from getting 
out. The dosing ball was added to a regular wash cycle (30*'C). After 10 minutes the washing machine was stopped 
and the dosing ball was checked. It was observed that all the capsules had disintegrated and there was no sign of 
residues in the dosing ball or on the cloth covering the dosing ball. 



25 



30 



35 



Example 6 

[0072] 40 grams of polyvinyl alcohol (PVA), Mowiol 3-83 ex Clariant and 75 grams of Acusol (aqueous solution 
containing 40% by weight of 224 nm nanoparticles) were dispersed into 361 0 grams of de-ionized water and dissolved 
at 60°C. 1 90 grams of sodium alginate from brown algae (ex Fluka product code 71 238) was added to the PVA solution 
and mixed. 1150 grams of polydimethyl siloxane (PDMS), Dow Coming 200 fluid 100.000 cSt ex Dow Coming was 
mixed with the alginate/PVA mixture to fonm a high viscous solution. 

[0073] The above solution was extruded at throughput of 2.75 g/s through a 0.6 mm nozzle and cut using a rotational 
cutting tool containing 24 wires of 200 micron thickness ex GeniaLab with a cutting speed of 6000 RPM to fomri spherical 
droplets with a diameter between 1000 and 1500 microns using a mechanical cutting device (JetCutterfrom GeniaLab) 
and the droplets allowed to fall into an agitated hardening bath that contained 10 litres of a 1% chitosan solution 
(Chitoclear ex Primex) brought to pH 2.5 with HCI. 

[0074] After a hardening time of 1 5 minutes, the microcapsules were separated from the chitosan solution via filtra- 
tion, washed with plenty of de-ionized water and stored in a 0.9 NaCI solution. 



40 



45 



so 



55 



Example 7 

[0075] The following compositions form part of a lavatory bowl rim-block comprising a container; a liquid composition; 
and a dispensing means connected to the container for dispensing the liquid composition. Each of the liquid compo- 
sitions includes 1% of the microcapsules of Example 6. 



Ingredients 


Weight % 


Kelzan T® 
Dobanol 91 .8® 
HLAS 
NaHEDP 
SF 1288® 
Perfume 


0.5 
15 
1 

0.5 
5.0 
12 


pH of 6 adjusted 
H2S04 


with NaOH / 
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10 



20 



Ingredients 


Weight % 


Acusol BOOS® 


3 


Steol CS-33a® 


20 


NaOH 


0.5 


DTPMP 


2 


0C193® 


10 


Perfume 


B 




Ingredients 


Weight % 


Natrosol HHR® 


0.5 


Dobanol 91 .8 


1 


Daclor 70-3-23® 


15 


DTPA 


1.5 


DC 5220® 


7 


Perfume 


10 



25 



Ingredients 


Weight % 


Kelzan 7® 


0.6 


Dobanol 91 .8® 


20 


Silicone SF 1188® 


7 


Na2 HEDP 


2 



35 



45 



Ingredients 


Weight % 


Natrosol HHR 


0.45 


Trilon FS® 


1.3 


Silicone SF 1288® 


7.0 


Marlinat 242/90® 


10 


Nansa LSS 38/AS® 


1 


Perfume 


5 




Ingredients 


Weight % 


Acusol BOOS® 


0.5 


Perfume 


7 


ssEDDS 


0.5 


EMPICOL LX 28® 


20 


SF1288® 


10 



Ingredients 


Weight % 


Kelcogel F® 


0.02% 


Perfume 


7% 


Marlinat 242/90® 


12 


Dobanol 91.8® 


2% 


Kelzan T® 


0.3% 
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[0076] Dobanol 23-3 is a Cig-C^a E03 nonionic surfactant. Dobanol 45-7 is a C^^-C^s E07 nonionic surfactant, 
Dobanol 91-8 is a Cg-C,i EOS nonionic surfactant and Dobanol 91-10 is a Cg-Ci, EO10 nonionic surfactant, all com- 
mercially available from SIHELL. 

5 Na HEDP is Sodium ethane 1 -hydroxy diphosphonate. 

DTPMP Is diethyiene triamlne penta methylene phosphonate. 
DTPA is diethyiene triamlne pentaacetate. 
ssEDDS Is ethylenedlamlne N.N'- disuccinic acid. 

SF 1288® and SF 1188® are Siiicones-Polyethers copolymers, commercially available from GE Bayer Silicones. 
10 Kelzan T® Is Xanthan Gum and Kelcogel F® is gellan gum, both commercially available from CP-Kelco. 

HLAS is a linear atkylbenzene sulphonic acid anionic surfactant. 

DC 5220® and DC193® are silicone glycol polymers commercially available from Dow Coming. 
Acusol BOOS® is a hydrophobically-modlfled acrylate polymer commercially available from Rohm & Haas. 
Natrosol HHR® is a hydroxycellulose commerciaily available from IHercules 
IS Daclor 70-3-23® is a branched alkyi ethoxylated sulfate and Mariinat 242/90® is an alkyi ethoxylated sulfate, both 

are commercially available from Sasol. 

Steol CS-330® is an alkyi ethoxylated sulfate commercially available from Stepan. 
Trilon FS® is an amino carboxylate commercially available from BASF. 

Nansa LSS 38/AS® is an alpha- olefin sulfonate and EMPICOL LX 28® is an alkyi sulfate, both are commercially 
20 available from Huntsman. 

Example 8 

[0077] 40 grams of polyvinyl alcohol (PVA), Mowiol 3-83 ex Clariant and 70 grams of Acusol (aqueous solution 
25 containing 40% by weight of 224 nm nanoparticies) were dispersed into 361 0 grams of de-ionized water and dissolved 
at eo^C. 1 90 granns of sodium alginate from brown algae (ex Fluka product code 71 238) was added to the PVA solution 
and mixed. 1150 grams of polydlmethyl siloxane (PDMS), Dow Coming 200 fluid 100.000 cSt ex Dow Coming was 
mixed with the alginate/PVA mixture to fomn a high viscous solution. 

[0078] The above solution was extruded at throughput of 2.75 g/s through a 0.6 mm nozzle and cut using a rotational 
30 cutting tool containing 24 wires of 200 micron thickness ex GeniaLab with a cutting speed of 6000 RPM to fonm spherical 
droplets with a diameter between 1 000 and 1 500 microns using a mechanical cutting device (JetCutter from GeniaLab) 
and the droplets allowed to fall into an agitated hardening bath that contained 10 litres of a 1% chitosan solution 
(Chitoclear ex Pnmex) brought to pH 2.5 with HCI. 

[0079] After a hardening time of 15 minutes, the mk:rocapsules were separated from the chitosan solution via filtra- 
35 tion, washed with plenty of de-Ionized water and stored In a 0.9 NaCI solution. 

Example 9 

[0080] Each of the following liquid compositions for use in manual dishwashing includes 0.1 % of the microcapsules 
40 of Example 8. The compositions are stable for 4 weeks at 25''C and under usage conditions (according to the afore- 
mentioned test). 



Igredient 


Weight % 


Weight % 


Weight % 


Weight % 


Weight % 


Sodium Alkyi Ethoxy Sulfate 


26.5 


26.5 


26.5 


26.5 


26.5 


Aikyl Dimethyl Amine Oxide 


6 


6 


6 


5 


6 


Alcohol Ethoxylated Nonionic 


2 


2 


2 


2 


2 


Gellan Gum 




0.02 






0.02 


Hydrophobically Modified Polyacrylate 








2.0 




Hydrogenated Castor Oil 






0.1 




0.02 


Ethanol 


3.0-4.5 


3.0-4.5 


3.0-4.5 


4.5 


3.0-4.5 


Polypropylene Glycol 2000 MW 


0.8 


0.8 


0.8 


1 


0.8 


Sodium Chlonde 


1.2 


1.2 


1.2 


1 


1.2 


Sodium Cumene Sulfonate 


1.8 


1.8 


1.8 


1 


1.8 
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(continued) 



Igredient 


Weight % 


Weight % 


Weight % 


Weight % 


Weight % 


1 .3-Bis (anninomethyl) cyclohexane 


0.5 


0.5 


0.5 


0.5 


0.5 


Suds boosting polymer 


0.2 


0.2 


0.2 


0.2 


0.2 
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Claims 

1 . Microcapsules for use in liquid detergents having a core and a poiyeiectrotyte complex shell in the fomi of a sem- 
ipemrieable membrane comprising a particulate penmeability-regulator. 

2. Microcapsules according to claim 1 wherein the permeability-regulator has a volume average hydrodynamic di- 
ameter of from about 1 0 nm to about 5,000 nm. 

3. Microcapsules according to claim 1 or 2 wherein the pemieabtiity-regulator is a pigment. 

4. Microcapsules according to any preceding claim wherein the microcapsules are capable of withstanding a force 
before bursting of from about 20 mN to about 20,000 mN. 



5. Microcapsules according to any preceding claim wherein the microcapsules have a density of from about 800 Kg/ 
m3 to about 1 ,300 Kg/m^ at 25''C. 

25 6. Microcapsules according to any preceding claim having a diameter in the range from about 0.2 to about 8 mm and 
a degree of elasticity at 25°C of at least about 40%. 

7. Microcapsules according to any preceding claim wherein the core includes an active material. 

30 8. Microcapsules according to claim 7 wherein the active material is selected from hydrophobic materials inclusive 
of perfume oils, silicone fluids and gums, surfactants and vitamin oils and non-hydrophobic materials having a 
molecular weight higher than about 3,000 inclusive of enzymes. 

9. Microcapsules according to any preceding claim wherein the core includes a density modifier effective in reducing 
35 the density of the microcapsules by at least about 1 0% at 25'*C. 

10. Microcapsules according to any preceding claim wherein the shell is composed of a polyanion-polycation poiye- 
iectrotyte complex. 

40 11. Microcapsules according to any preceding claim wherein the microcapsules have a permeability cut-off in a 0.9 
NaCi solution for 3 weel<s of less than 10,000 Da at 25^C. 

12. A process for making microcapsules for use in liquid detergents having a core and a polyelectrolyte complex shell 
in the form of a semipermeable membrane, the process comprising the steps of: 

45 

a. forming a first solution comprising a first polyelectrolyte; 

b. adding a particulate permeability- regulator to the first solution; 

c. forming droplets of the first solution; and 

d. introducing the droplets into a second solution comprising a second polyelectrolyte capable of reacting with 
so the first polyelectrolyte to fonm a complex at the surface of the droplets. 

13. A process according to claim 12 wherein the first solution comprises from 0.05% to 5% of the particulate perme- 
ability-regulator. 

55 14. A process according to claim 12 or 13 wherein the microcapsules have a density of from about 900 Kg/m^ to about 
1,300 Kg/m3at25°C. 



15. A process according to any of claims 12 to 14 wherein the first solution has a viscosity of from about 0.5 to about 
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1,000 Pa s as measured at 1 s*^ and 25'*C. 

16. A process according to any of claims 12 to 1 5 wherein the first solution comprises from about 2% to about 7% by 
weight of sodium alginate, said sodium alginate having a viscosity of at least 1 00 mPa s as measured at a shear 
rate of 1 s*"" at 25®C and at a concentration of 1% by weight. 

17. A process according to any of claims 12 to 16 wherein the second solution comprises a poly electrolyte selected 
from poly-(diallyidimethyiammontum) salts, chitosan polymers, chitosan oligomers and mixtures of chitosan poly- 
mers and oligomers. 

18. Microcapsules obtainable according to the process of any of claims 12 to 17. 

19. A liquid detergent composition comprising a liquid or gel matrix incorporating the microcapsules of any of claims 
1 to 11 and 18 and from about 0.5 to about 40% by weight of a detergency surfactant. 

20. A liquid detergent according to claim 19 wherein the microcapsules are stable under static storage conditions for 
4 weel<s at 25" C. 

21. A liquid detergent according to claim 19 or 20 wherein the microcapsules are stable under simulated squeeze 
20 usage conditions. 

22. A liquid detergent according to any of claims 19 to 21 wherein the detergent matrix is essentially free from struc- 
turing or thickening agent. 

25 23. A liquid detergent according to any of claims 1 9 to 22 wherein the density of the liquid matrix is within about 20%. 
preferably about 10% of that of the microcapsules. 

24. A process for making the liquid detergent of any of claims 19 to 23 comprising the step of adding the microcapsules 
of any of claims 1 to 9 and 16 to a liquid or gel matrix wherein the density difference of the matrix and the micro- 
30 capsules is less than 20%. 



35 



40 



45 
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